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INTRODUCTION 
Vfhlte grubs belonging to the genus Phyllophaga 
Harris (Phyllon-leaf; phaf;ein- to eat) Include a large 
group of beetles popularly known as "June-bugs" or "May-
beetles" whose larvae are the common white grubs of the 
fields. From an economic point of view, the depredations 
of both the larvae and adults are well known. The adults 
frequently defoliate trees and shrubs by night, and 
secrete themselves in the soil by day. The larvae or 
"grubs" are strictly subterranean in habit and destroy the 
roots of many acres of farm, truck, and garden crops as 
well as great areas of grassland. 
DISTRIBUTION 
The genus Phyllophaga Harris is known to occur 
only In the Western Hemisphere from Hudson Bay to 
Argentina, includinE the Vi'est Indian Islands. From fif­
teen to twenty species may be found in most localities 
except in the V»'estern States, where June beetles are not 
numerous. Many species are known to have a rather wide 
distribution, whereas others have been taken only in 
limited areas. Junlt (1912) listed 231 species for the 
world, many of which are synonyms or races; Leng (1920) 
catalogues 97 species from the United States and Canada; 
Leng and Mutchler (1927) reported 10 more species, and 
since that time 11 additional ones have been described 
from the United States and Canada, making a total of 
about 118 species north of Mexico. 
-5-
ECOTIOMIC STATUS 
Injury from white grubs in the United States la re­
ported to have been very severe during the years 1912 and 
1915. Outbreaks were reported from the Ohio River north 
to the Great Lakes, and west from the eastern coast to 
South Dakota. The following quotation from Davis (1924) 
as to the extent of the damage during these years will 
clearly picture the economic Importance of these insects 
to the nation: "From a survey of the infested territory 
in lov/a, Vk'isconain, and Illinois, made in 1912, and from 
reports of farmers and others, we have a very conservative 
estimate of the damage to corn, timothy, and potatoes in 
these states aggregating not less than $7,000,000. The 
damage to the same orops in other infested areas could 
not have been less than $5,000,000, which brings the 
total loss to strawberries, nursery stock, lawns and 
miscellaneous crops, to not less than $12,000,000." 
These insects rank among the most serious insect 
pests in Iowa. The present outbreak is a part of a general 
infestation extending from Connecticut, New Jersey, and 
New ^ork westward into Idinnesota, Iowa, and Missouri. 
Unusual injury from; grubs was first reported in the north-
-c-
eost corner of the atuLe In 1903 and, since then, they 
have deatroyed farm crops to the south and v#eat with a 
tendency to concontratG in the more hilly, broken, and 
forested areas. On account of the topography and soil 
conditions, considerable acreages of land in these areas 
are in permanent bluegrasa pastures and timothy meadows. 
Thus farai practices coupled with natural conditions have 
beon very fovoi'ablc for both the larval and adult stages 
of Juno beetles. 
Px'Gcticelly all counties in Iowa have reported 
some commercial dama^je from white grubs. It has not been 
unconraon during "grub" years to see large fields of corn 
of 40 or more acres totally destroyed by grubs, and it 
has not been uncommon to see bluegrass pastures of 80 or 
more acres so badly damatied by those insects that a large 
portion of the grass was deatroyed and later supplanted by 
annual grasses and weeds. Pastures so injured require 
several years for the ecolofiical succession to arrive 
again to bluograss. In the mean time another brood of 
Juno beetles is usually at hand again to destroy the 
bluegrees sod. 
Shade and woodland trees ere often defoliated by 
the adults in "June beetle" years. Seldom do trees in 
largo areas of woodlands suffer seriously, probably due 
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to the dilution of the beetle population, but isolated 
trees and small groves near large areas devoted to 
permanent pasture are frequently so severely Injured that 
certain wood-boring Insects soon complete their destruction. 
••Q •• 
BROODS AND SPECIES 
In general, June beetles require three years to 
complete their development from egg to adult. There are 
three broods, designated as broods A, B> and C» the 
adults of the respective broods appearing each year in 
the order named. Brood A is by far the most injurious In 
lov/a. Only rarely do Broods B and C cause any extensive 
damage to cultivated crops and grazing lands. These latter 
broods seem to be only of local importance at the present 
time. 
The literature and collections made by the author 
indicate 33 species of June beetles have been recorded in 
Iowa. Over 100,000 beetles have been examined to deter­
mine the relative importance of the species involved. It 
is worthy of note in this connection to call attention to 
the fact that the same six species dominate in Broods A, 
B, and C. They are Phyllophaga hirticula (Knoch.), 
P. fusca (Froel.), P. trlstis (Fab.), P. futllis (Lec.), 
P. implicita (Horn), and P^ rugosa (Melsh.). In table 1, 
a s\immary of the species and number of individuals of the 
different species of Phyllophaga taken in Iowa is listed 
according to broods. 
Four species, namely, quercua, gracilis, ephilicia 
and apreta have been reported in the literature as 
occurring in Iowa, but since the years in -which the 
adults of these species were collected are not recorded, 
it is impossible to ascertain to which brood they belong 
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Table 1 
Phyllophage of lovia 
Speclmena of each species 
PbyllophaRa Species Brood A ; Brood B Brood C Total 
No. : No. No. Ho. 
P. hlrtlcula (Knoch) 41004 ; 825 193 42102 
P. fusca (Proel.) 9980 ; 38 5531 15549 
P. trlstls (Fab.) 10647 ; 75 10 10732 
P. futllls (Lec.) 2062 : 3440 1914 7416 
P. iraplici'ta (Horn) 9S7 14662 1609 17208 
P. rugbsa (Mela.) 2993 1363 733 5089 
p. invarsa (Horn) 507 316 83 906 
P. horhii (Smith) 560 3 563 
P. craaslsslma (Blanch.) 157 111 381 649 
1?. vehemens (Horn) 255 179 434 
P. anxla (Leo.) 352 4 41 397 
JP. cirakll (Klrby) 211 5 : 124 340 
!p. fraterna (Harris) 206 3 4 213 
P. lllcls (Knoch) 140 5 4 149 
P. micans (Knoch) 91 31 15 137 
P. crenulata (Froel.) 53 13 36 102 
P. marginalia (Lec.) 53 53 
P. prunlna (Lec.) 52 1 53 
P. congrua (Lec.) 44 44 
p. fervlda (Fab.) 14 14 28 
P. nitIda (Lec.) 25 1 26 
P. balla (Say) 23 23 
P. blpartlta (Horn) 
P. fosterl (Burra.) 
14 1 2 17 
3 2 6 11 
P. corrosa (Lec.) 8 1 9 
P. vlllfrona (Lec.) : 4 4 
P. tarda (Horn) 2 2 
P. lanceolata (Say) 1 1 
P. lon^^ltarsa (Say) 1 1 
P. gracilis (Burm.) 
P. quereus (Knoch) 
P. spreta (Horn) 
P. ephllida (Say) 
Total 70,477 20,901 10,880 102,258 
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LIFE CYCLE 
In general the life cycle of May beetles requires 
three years for completion. In northern latitudes the 
cycle may be extended to four years, whereas in southern 
latitudes it may be reduced to two years. Variations from 
these life cycles in a £;;iven area depend upon the biotic 
conditions and the species concerned. Most of the common 
species in Iowa require a period of three years for their 
life cycle. ^ lanceolata (Sayi however, completes its 
development from egg to the adult stage in two years. 
With the exception of ^  lanceolata and possibly 
P. ephilida which pupate and subsequently emerge in the 
spring, June beetles in Iowa pupate in late summer or 
early fall, and pass the winter in earthern cells in the 
soil as adults, and emerge the following spring. 
The adults emerge in Iowa from the first to the 
last of April, the time depending largely upon the 
climatic conditions. Eggs are deposited from the last of 
May to the middle of July, at which time practically all 
of the beetles have disappeared. The female beetle bur­
rows Into the soil 4 to 8 Inches to deposit eggs. The 
egga hatch in two to four weeks, depending upon the 
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temperBture of the soil. The newly hatched grubs spend 
the first summer feeding upon organic matter in the soil 
and roots of plants. As v/inter (Oct. ~ Nov.) approacheB 
tl'.ey burrow down deep into the soil to escape the severe 
cold of the v/inter months. The writer has often found 
hibernating larvae 56 inches beneath the surface of the 
soil. The following spring (April - June) the grubs 
migrate up near the soil surface where the entire summer 
is spent feeding on plant roots. It is in this second 
year that the most serious injury from white grubs may be 
expected. After feeding all summer they again burrow down 
below the frost line to escape the winter temperatures. 
The second spring they again migrate upwards and feed on 
plant roots until late July or August before completing 
development and transforming into the pupal stage. After 
several days the pupae transform into the adult beetle 
sta^e and remain in the earthen pupal cells in the ground 
until spring of the third year before emerging to feed, 
mate and lay eggs. 
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GRDBS blMlUiR TO MAY BEETLE GRUBS 
The grubs of several other beetles found in Iowa 
are frequently confused with those of the May beetle. It 
is important from a control point of view that grubs of 
similar appearance should not be confused with the common 
white gruba. One species that is frequently mistaken for 
June beetle grubs is the larva of the Carrot beetle* 
Ligyrus gibboaua UeGeer. At times this insect in both the 
grub and beetle stages damages cultivated crops. The life 
cycle of this species and the grub frequently seen in 
manure and rotting hay and straw, Ligyrodes relictus (Eay), 
is completed in one year. The latter species does not 
injure growing plants. The much larger grubs, Felidnota 
punctate (Linn), Qamoderma eremicola Knoch., 0^ scabra 
Beauv. and Lucanus dama Thumb., found beneath rotting 
logs are non-destructive and frequently confused with the 
common white grubs. 
These harmless grubs differ morphologically in 
certain details such as the arrangement of spines on the 
ventral side of the last segment of the abdomen; the 
presence (Lucanus) or absence (Phyllophaga, Osmoderraa, 
Pelidnota, Ligyrodes, Ligyrus, and Lucanus) of strldulating 
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areas on the meao- and metathoracic legs; the presence 
(Oamoderma, Pelidnota, Ligyrodea, Ligyrus, and Lucanus) 
or absence (phyllophaga) of stridulatlng areas on the 
caudal aspect of the mandibles; whether the dorsal aspect 
of the abdomen is (Pelidnota, Llgyrodes, Ligyrus, and 
Lucanus) or not (Osmoderma) divided by an impressed line 
making it appear as two segmentsj and whether the 
stridulatlng teeth of the maxillae are sharply pointed 
and curved (Pelidnota) or strongly trvincate, being as 
broad as long, and not curved (Llgyrodes, and Llgyrus). 
Ligyrodes has a single ocellar spot at the base of the 
antennae, whereas Llgyrus is without this spot. 
The Japanese beetle (Fopilla .japonica Mewm.) 
appears much like the common white grub and has somewhat 
similar habits. Its life cycle is one year duration 
Instead of three, and morphologically the larva differ 
from those of Phyllophaga lar*gely in that there is a 
stridulatlng area on the caudal aspect of the mandibles, 
f  
which is absent in Phyllophaga. 
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PARASITES AND PREDATORS 
Protozoa (Travis and Becker 1931) and helminths 
(Nematoda) have been observed and studied in both the 
grubs and beetles. Fungi and bacteria are known to kill 
the grubs in local areas. Several species of predacious 
and parasitic insects attack the grubs. Insectivorous 
and omnivorous birds such as blackbirds, crows, flickers 
and starlings eat many grubs, especially when thrown up 
or left exposed by soil tillage. Some animals such as hogs 
and skunks dig the grubs out of the ground for food. 
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CONTROL JffiTHODS 
The majority of the control measures recoraaiended 
have been practical methods directly correlated with 
general farm practices such as crop rotations, planting 
immune crops, "hogging off" corn, and fall plowing. Hand 
collection and destruction of larvae and adults have also 
been advocated. Poison bran mash is an effective remedy 
against the wingless as species farcta Lec. and 
P» cribrosa Lec. The grubs may be killed by the use of 
certain soil furaigants and insecticides such as arsenicals 
and carbon disulphide. Soil treated with lead arsenate 
is an effective remedy for a period of years. The latter 
remedy is used quite extensively In lawns and golf courses. 
After some 50 years of study research workers have 
not developed a practical control for large areas. Experi­
ments with a rotary plow (Drake, Travis and Collins, 1932) 
demonstrated that mechanical destruction of the grub offers 
relief for small acreages, such as truck crops and other 
intensely cultivated land of high priced cash crops. 
Plue (1932) showed that beetles are repelled from fields 
planted to sweet clover and that eggs are not laid in 
these fields. Fluk® (1935) also demonstrated that trees 
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aprayed with arsenlcals are not defoliated by the beetle 
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SCOPE OP THIS WORK 
The vast economic importance of June beetles and 
their grubs stimulated Iowa Agricultural Experiment Station 
to initiate a project to study the biology and control of 
these insects. During the period September 1930 to 
September 1934 the writer v/aa employed as research assistant 
to work on this problem. A systematic work (Travis 1933) 
of the adults found in Iowa was used as a thesis for the 
partial fulfillment of the requirement for a Master of 
Science degree. Experiments and observations on the con­
trol and biology during the four-year period form the 
basis for this thesis. 
The data presented are concerned largely with 
experiments with certain insecticides as a possible means 
of controlling grub worms by poisoning the adult beetles; 
a study of migration of larvae and adults; and a study of 
the habits of the adult beetles. 
-19-
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EFFECT OF INSECTICIDES ON ADULT BEETLES 
I. Gage Tests 
The voluminous literature on white grubs contains 
but very few references to the possible use of insecticides 
for the control of adult June beetles. In 1889 Smith re­
ported teats Viflth London purple as a spray on fruit trees. 
Vickery and VJllson (1919) showed that lead arsenate used 
both as a spray and as a dust was rather effective against 
certain southwestern wingless forms destructive to cotton. 
Fluke (1935) In Wisconsin successfully used lead arsenate 
sprays to prevent defoliation of oak trees. Travis and 
Decker (1953) published results that demonstrated reason­
ably good kills with calcium arsenate v;hen used on foliage 
in cage tests. 
Cage experiments were Initiated in part to learn 
something as to the effect of insecticides on June beetles 
and in part because of the interest' of the members of the 
Golf and Country Club at Hampton, Iowa, who were greatly 
concerned over destruction of their fair way by the white 
grubs and immense numbers of June beetles defoliating their 
oak shade trees In the vicinity of their club house. 
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Spraying or dusting seemed out of the question, partly 
because of the scarcity of experimental data on the 
effectiveness of such measures and partly because of the 
lack of the necessary spraying or dusting equipment. The 
latter difficulty, however, was overcome by the club en­
gaging a local airplane to apply the poison dust. 
Shortly after daybreak on June 14, 1932, while the 
leaves were still wet with dew, the dusting operations were 
started. After several trees had been treated it was ob­
served that the rate of application of the poison dust was 
much too light. On the next trip, v/hlch was to have 
doubled the rate of application, the plane was totally 
wrecked in making a forced landing, and dusting operation 
was necessarily discontinued. 
Although only a small part of the grove had been 
very lightly dusted, it appeared at the moment that the 
experiment would be a complete failure. Three days later, 
however, many dead beetles were found on the groxind under 
the dusted trees. The beetles then continued to die by the 
thousands for three or four days. After such marked results 
it was decided to conduct laboratory tests to secure addi­
tional data on the value of calcium arsenate dust as a 
means of controlling June beetles. 
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In spite of all the variables encountered in the 
cage testa, the results secured are in accord v/ith those 
obtained by the leaf-sandwich type of toxicological experi­
ment conducted by Travis (1936) and Andre (1936). 
The beetles used in the 1933 experiments were col­
lected from American Elm and willow and in all cases 
Phyllophaga implicita was employed as test animals. In 
the 1932 experiments, hirticula was used in tests 
I, II, III and rugosa in test IV. These spocies were 
also collected at night from oak trees. After collecting 
beetles, tho males and females were separated and confined 
in screened cages placed over trays of moist soil. The 
foliage provided for food was gathered early each evening 
before the beetles became active from the some species of 
tree upon which they had been previously collected. 
All the insecticides used, except sodium 
fluosilicate, were diluted to contain two parts by weight 
of the commercial insecticide to three parts of bentonlte. 
The sodium fluosilicate was a propriatory product. 
Fresh elm, willow or oak leaves, gathei'ed early In 
the evening, were sprayed lightly with water to simulate 
leaves dampened by dew, except in test V in the 1933 aeries 
where dry v<lllow leoveo were used. The foliage was then 
dusted by means of a hand duster. After this treatment. 
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the treated branches were then placed In the cages so that 
the beetles could feed at will during the night. 
The poison was applied to the foliage at three 
different rates of application. IKhen compared with dusted 
elm trees the dosages were judged to be; (1) light, 
1^- pounds per tree; (2) moderate, 3 pounds per tree; 
(3) heavy, 4|- pounds per tree. One-half of the beetles 
were offered poisoned foliage for one night only, whereas 
the remaining half v/ere given poisoned foliage two nights 
in succession. V'Jhen treated foliage was not placed in the 
cages, fresh untreated leaves were provided for food. 
Except in the case of males and experiment IV in 1933 
when the numbers were not sufficient, duplicate series of 
50 beetles each were used In all tests. Four controls 
accompanied each test, two of which received no food, and 
two of which received untreated food on the nights when 
the experimental cages received dusted foliage. 
To secure heavier applications of the inert com­
pounds, the leaves were dipped iii water and immediately 
rolled in the substances to be tested. Leaves treated in 
this manner received a thick coating of dust. 
The sexes were caged and treated separately due to 
the great differences in their normal death rate and the 
noticeable difference in their susceptibility to poisoning. 
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Indlvlduals were considered dead that were unable to move 
their legs when gently pressed on the ventral side of the 
abdomen. 
The ca^^es of beetles were kept in a screened 
inaectary where they were exposed to the normal out of door 
temperature, but protected from the direct rays of the sun. 
Each day the soil in the cages was sifted and the beetles 
examined to determine the number dead and alive. 
A few small trees were dusted early in the evening 
and about midnight the beetles were hand picked from the 
dusted foliage. In every case the leaf from which the 
beetle was picked was examined to see if feeding had 
occurred. The beetles collected were confined in cages 
over moist soil and the number of dead beetles determined 
e Q ch d ay. 
Some data on the length of time beetles will feed 
upon poisoned foliage v/ere secured by confining individual 
beetles in four ounce Stentor dishes in a dimly lighted 
room. These were watched carefully to see how long they 
would feed upon the leaves dusted to varying degrees of 
intensity with both lead and calcium arsenates. As long 
as the beetles remained on the leaf with their mouth parts 
in feeding position, they were considered to be feeding. 
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Table 3 
A sumajary showing the percentages of beetles Implicita) dead 144 hours 
after feeding on foliage dusted v/ith lead arsenate and calcivun arsenate (1933) 
Cead Female Beetles H Eead Male Beetles 
Series Humber i^eighted iSeries Number rVteigfated 
Treatment I II ; III IV : V : VI ;Mean. I : II : III: Mean 
Lead arsenate 
e-' 
/S % : % a % % : /V : % : c/ /o 
Light 1 night 86 32 80 80 i 78 i 86 74 88 : 16 : 92: 65  
Li^t 2 nights 94 84 ; 90 92 : 84 ; 94 90 96 : 60 ; 72: 83 
Moderate 1 night 82 66 t  84 84 ; 84 ; 86 81 88 : 88 : 92: 89 
Moderate 2 nights 96 90 : 98 98 ; 96 I 92 95 80 :100 :100: 93 
Heavy 1 night 86 92 ; 92 98 : 90 : 76 88 84 : 96 : 92: 91 
Heavy 2 nights 98 100 ;100 100 : 92 ;100 98 100 : 88 :100: 96 
Calcium arsenate 
Xight 1 night • • 16 : lo • • 10 46 • • 12 14 18 :: 52 * 4 8 : 20: 27 
Light 2 nights « 74 : 28 • 90 76 • « 20 26 52 :: 96 • 12 : 84: 64 
Moderate 1 night « « 48 : 18 • » 26 70 • • 30 22 36 :: 92 « • 24 : 68: 61 
Moderate 2 nights # • 74 : 46 • • 72 94 • • 50 86 70 :: 92 • • 72 : 88; 84-
Heavy 1 night « • 84 : 30 • 32 80 • « 24 56 51 :: 88 « • 28 : 84 : 67 
Heavy 2 nights • 94 : 80 • * 84 96 • • 68 80 83 92 • 48 :100: 80 
Controls 
No feed : 10 i oTl 6 : 28 : 8 ; 16 : ll :: 28 : 32 : 64: 41 
Fed : 4 ; 6 r 28 : 34 ; 8 : 18 : 16 ;: 20 ; 20 ; 48; 29 
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Lead araenete; This insecticide was tested on female 
beetles in six parallel experiments and on males in three 
experiments (1033). But for alight variations in tempera­
ture all of the tests except II and V (Table 3) were con­
ducted under comparable conditions. In experiment II 
(Table 5) beetles which were collected from willow ate 
sparingly of treated elm leaves. Even though ^  impliclta 
was collected on both willow and elm, specimens taken on 
willow refused to eat elm leaves and those taken on elm 
similarly refused willow. The error in providing food 
lowered the percentage of mortality in series II (Table 3). 
In experiment V (Table 3) the leaves were dusted dry. 
Emerging beetles are very ective in the cages until they 
finally settle dovm to eat. The fact that, in buzzing 
about the cages they removed much of the poison from the 
leaves, is reflected in the reduced kill. 
The experiments with the males were run at the same 
time as those for the female beetles, hence the percentage 
of mortality in series II and V (Table 3) was low for the 
reasons given. Since these tests v/ere conducted late in 
the flight season the normal death rate of the males was 
so high that the results obtained in these experiments are 
not very conclusive. 
Very little of the poisoned foliage was consumed by 
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the beetles in the experiments. No doubt the first effects 
of the poison caused them to cease feeding. 
In the case of lead arsenate, all treatments were 
so effective that the differences in the percentage of 
mortelity (Fig. Z, 6.) for the various applications of 
poison are not large. 
Calcium arsenate; In 1932 four parallel experiments 
were made to determine the effects of various v;eather condi­
tions upon the feeding habits and mortality of beetles 
given poisoned leaves. The test aniiBals wore P. hirticula 
in all of the testa but experiment IV C^able 2), where 
P. rugosa was used. In one experiment twenty-five 
p. hlrtlcula females vj-ere rolled in calcivun arsenate dust 
until their bodies were completely covered with the poison, 
and then confined in a cage without food. At the end of 
the third day 16 per cent of the treated beetles and 20 
per cent of the check beetles were dead. The calcium 
arsenate tests in 1933 v/ere started on the same dates and 
under the same conditions as the corresponding testa with 
lead arsenate. Therefore the same controls were used for 
both series. 
In the case of calcium arsenate the percentage of 
mortality in the various treatments varied considerably 
(Table 2, 3). It should be noted that the percentages 
obtained in series II and V (Table 3) are low for 
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the reasons previously discussed. In general the beetles 
conauniod more of the foliage poisoned with calcium arsenate 
than lead arsenate. 
The calcium arsenate used in the ftl. L. D. teats was 
an analyzed sample kept in a glass stoppered bottle. The 
sample used in the cage tests was an unanalyzed commercial 
sample, indications tb&t the laboratory sample was not so 
toxic as the comraercial sample was brougiit out clearly by 
tho fact that the beetles were not killed with the laboratory 
saiaple, but killed with the commeroial sample, liubsequent 
tests also showed this to bt truts when the true silkworm 
was used. 
MaRnesium arsenate; This Insecticide la not readily 
eaten by June beetles in a sufficient amount to kill many 
of the individuals, and apparently it is not very toxic to 
them. Even heavy applications failed to prod\ice a raoi'tality 
sii^nificantly greater than triat occurring in tlie controls 
(Table 4.)* l^he beetles ate rather freely of the dusted 
foliage except in the case of very heavy applxcetions, and 
even then the magnesium arsenate was not nearly as repulsive 
to the beetles as lead or calcium arsenate. In one test, 
leaves previously dipped in water were rolled in magnesium 
arsenate and then only 16 (64 per cent) of the twenty-five 
beetles given these heavily coated leaves were dead 144 
Table 4 
A summary showing the percentai-ea of beetles ItQpllclta) dead in the cages 
144 hours after treatment with magnesium arsenate and sodium fluosilicate (1933) 
Treatment 
Insecticide Series 
Light 
1 night 
Light 
2 nights 
Moderate 
1 night 
Moderate 
2 nights 
Heavy 
1 night 
Heavy 
2 nights 
Control 
ho feed 
Control 
fed 
No. % % % % fO % % 
Magnesium I 0 2 0 0 4 8 12 8 
Arsenate II 10 14 14 6 16 16 6 4 
Ave. 5 8 7 3 10 12 9 6 
Sodivim 
fluosilicate I 
k 1 
10 8 12 32 24 24 12 9 
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hours later. 
Sodium fluoslllcate; iiodium fluosilicate apparently 
was not very toxic to June beetles in these cage tests. 
Consequently not enough of the insecticide was eaten to 
kill them. The percentages of mortality 144 hours after 
treatment were but little greater than those in the 
controls (Table 4). 
Inert compounds; Eight inert compounds were tested 
to determine their effect upon the beetles (Table 5). 
Lead carbonate, which ia not ordinarily used as a diluent 
for toxic dusts was tested to find whet effect the lead 
might have upon the June beetles. This compound was not 
toxic to the beetles. All of the fillers were fed to the 
beetles on two successive nights, after which time the 
beetles received fresh untreated foliage until the experi­
ment was terminated. None of the compounds proved to be 
noticeably toxic. In the case of sulphur, whiting substance, 
lime and bentonite, the average mortality was slightly 
higher than the average mortality in the control cages, but 
the differences were not significant. 
Sprays; Both lead and calcium arsenate were tested 
in spray solutions. The concentrations used were one pound 
and two pounds of the arsenate to 50 gallons of water. The 
water to which these insecticides were added was made 
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Table 5 
A summary showing the percentages of beetles (P. Impllclta) 
dead in the cages 144 hours after treatment wi¥E inert 
compounds (1933) 
Beetles Lead 
Series Number 
Treatment 1 II Average 
Sulphur 
C/  /O 
10 
% 
24 
% 
17 
VShiting substance 26 2 14 
Lime 6 18 12 
Bentonite 10 10 10 
Magnesliom carbonate 12 4 8 
Gypsum 4 8 6 
Dlatomaceous earth 6 0 3 
Kaolin 6 0 3 
Lead carbonate 22 - 22 
Control no feed 12 6 9 
Control fed 14 4 9 
-31-
moderately soapy with a potassium soap and the spray mix­
ture then applied to the foliage by means of a hand sprayer. 
The percentages of mortality in these tests (Table 6) 
v;erv; considerably lower than in the case of the dust series. 
The difference was apparently largely due to poor coverage 
of the foliage. The spray was also applied to willow 
leaves. The latter, however, were so waxy that it was 
impossible to obtain a uniform coverage. 
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Table 6 
A siommary showing the percentages of beetles 
(P« Impliclta) dead in the cages 144 hours after 
treatment with lead arsenate and calcium arsenate 
applied as sprays (1953) 
• 
• 
Treatment 
]jead 
Beetles 
• 
• 
Treatment ; 
Dead 
Beetles 
Lead arsenate Calcl\am arsenate 
1# 1 night 
a: A 
12 U 1 night 
00 
2 nights 40 2 nights 34 
2# 1 nigjit 62 2# 1 night 28 
2 nights 70 2 nights 38 
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F'leld Tests: When trees which were dusted at sun­
down were examined at midnight, few beetles were found and 
most of those were feeding upon leaves practically free of 
poison dust. Only 58 per cent of the beetles collected at 
this time died within 96 hours after they were collected. 
The low percentafse of mortality and the fact that the nxim-
ber of beetles observed at midnight was much lower than that 
observed on the trees three hours earlier indicated that 
most of the beetles had ceased feeding and had flown from 
the trees. 
In subsequent tests results of the magnitude ex­
pected were obtained by collecting beetles from treated 
trees as soon as they had stoppeu feeaing and were preparing 
to depart from the trees. Thla method quite naturally did 
not permit the collection of large numbers of beetles. 
Beetles picked in this manner from trees dusted with 
lead arsenate all died within 96 hours, whereas only 45 
per cent of the beetles collected from trees treated with 
calcium arsenate were dead in 96 hours (see Table 7). 
Only 15 per cent of the beetles collected from \intreated 
trees died within the 96 hour period. 
Individual feeding tests; It was observed both in 
the field and cage teats that the beetles were uneasy when 
feeding on foliage dusted with an arsenical. As a rule they 
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consiimed relatively small quantities of the leaf and did 
not feed vei'y long. In fact, many of the beetles would 
not eat any of the poisoned foliage. 
In the individual feeding teats the beetles vjere 
placed in covered Stentor dishes with leaves dusted \vith 
lead or calcium arsenate, applied at the same ratio used 
in the ca£ie tests. The amount of poison on the foliage 
seemed to have very little effect upon the proportion of 
beetles feeding and not feeding, for forty-nine per cent 
of the beetles offered leaves treated with calcium arsenate 
refused to eat and 31 per cent refused leaves treated with 
lead arsenate. Fourteen per cent of the beetles offered un­
treated leaves refused to eat. In all cases the beetles 
were left In the dishes with the leaves for one night. The 
average length of time that the beetles fed upon foliage 
dusted at various rates with lead arsenate are as follows: 
light 71.7 min. (range 15-150 rain.), moderate 60.6 mln. 
(range 12-99 mln.), heavy 50.3 min. (range 10-87 rain.); 
for calcium arsenate, light 62.1 rain, (range 21-135 mln.), 
moderate 31.3 mln. (range 4-107 min.), heavy 45.5 rain. 
(range 16-91 mln.). 
In these feeding tests only 5.2 per cent of all 
beetles returned to feed a second time after once having 
fed and left a dusted leafj of these 4 per cent had fed 
Table 7 
A summary showing the niimber of beetles Impllclta) dead and alive at 
24 hour intervals after feeding on leaves dusted with calcium and lead 
arsenate in the field (1933) 
J : ; Hours after treatment ; 
: rindivid-; 24 ; 24 ; 48 ; 48 ; 72 : 72 ^ ^Beetles 
Tree; Treatment ;uals r'Dead ; Alive; Iiead;Alive ;Dead;Allve tPeadiAlive rkilled 
Lead arsenate (a) Picked from leaves with good coverage 
No. Moderate No. No. No. No. No. No.: No. No. ; No. : ^ 
1 Light 24 10 14 14 0 0 0 0 : 0 :  1 0 0  
2 Light 4 0 4 0 4 4 : 0 0 ; 0 : 100 
3 Light 38 8 SO 16 14 10 : 4 4 : 0 :  1 0 0  
4 Light 42 10 52 16 16 12 : 4 4 : 0 : 100 
5 Li^t 24 12 12 10 2 2 ; 0 0 : 0 ; 100 
6 Light 4 2 2 0 2 0 : 2 0 : 0 :  1 0 0  
Lead arsenate (b) Picked from leaves ivith poor coverage 
1 Light 52 10 4S 2 40 3 : 37 2 : 36 : 33 
2 Light 13 3 10 2 8 1 ; 7 2 : 5 :  6 2  
3 Light 10 2 8 2 6 3 : 3 1 : 2 :  8 0  
Calcium arsenate (c) Picked from leaves with good to poor coverage 
1 Light 147 3 144 9 135 13 :122 4 :118 : 20 
2 Light 47 10 37 2 35 1 : 34 3 : 31 : 34 
3 Light 25 2 23 1 22 3 ; 19 2 : 17 : 32 
4 Light 19 8 11 2 9 1 : 8 1 : 7  :  6 3  
5 Light 8 1 7 3 4 1 : 3 
• 
* 
1 : 2 :  7 5  
• • « • 
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on lead ai'senate treated leaves and 1.2 per cent on calcliwi 
arsenate dusted foliage. 
Practically all of the beetles that fed on the 
poisoned foliai^e diod regardless of the length of the feed­
ing time. Only two of tlie 92 beetles which had fed on the 
leaves treated v/lth calcium arsenate survived and all of 
the 82 beetles which had fed on the leaves treated with 
load arsenate died. Only six of the 49 beetles which re­
fused to eat at all died. Of the 174 beetles feeding on 
poisoned foliage 79, 16, 3, and 1 per cent died in 24, 48, 
72, and 96 hours, respectively. Only one per cent of them 
survived. 
Figure 1. Graph illustrating the percentage of female 
beetles (_^ hirticula) dead 24, 48» 72 and 96 hours after 
treatment with calciiim arsenate. The quantity of the 
arsenical and the number of nights poisoned foliage was 
offered are indicated as follows: HIN- heavy 1 night, 
H2N- heavy 2 ni^bta, MlN- moderate 1 night, M2N-
rnodernte 2 nights, LIN- light 1 night, end L2N- light 
2 nights. Iowa, 1932. 
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Figure 1. 
Figure 2. A graph illustrating the percentages of male 
beetles hirticula) dead 24, 48, 72, and 96 hours after 
treatment with calcium arsenate. The quantity of the 
arsenical and the number of nights poisoned foliage was 
offered are Indicated as follows: HIN- heavy, 1 night; 
H2N- heavy, 2 nights; PilN- moderate, 1 night; M2N-
moderate, 2 nights, LlH- light, 1 night; L2N- light, 2 
nights. Iowa, 1932. 
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Figure 3. A graph illustrating the percentages of female 
beetles impliclta) dead 24, 48, 72, 96, 120, and 144 
hours after treatment with lead arsenate. The quantity of 
the arsenical and tho number of the nights poisoned 
foliage was offered are indicated as follows: HIU- heavy, 
1 night J H2K- heavy, 2 nights; MlM- moderate, 1 night; 
M2N- moderate, 2 nights; Llll- licbt, 1 night, L2N- light, 
2 nights. Iowa, 1933. 
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Figure 4. A graph illustrating the percentage of female 
beetles impllcita) deed 24, 48, 72, 96, 120, and 144 
hours after treatment with calcium arsenate. The quantity 
of the arsenical and the number of nights poisonecl foliage 
was offered are indicated aa follows; HlN- heavy, 1 night; 
H2N- heavy, 2 nights, MIN- moderate, 1 night; M2N- moderate, 
2 nights, LIN- light, 1 night,L2N- light, 2 nights. 
Iowa, 1933. 
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June beetles do not react well In cage tests 
because they tend to congre^^ate on the sides of the cage. 
In the early evening they are very active and then con­
tinue buzzing about in the ca^e often removing a consider­
able portion of the dust from the foliage, particularly 
if the leaves are dry. Furthermore, some of the beetles 
remain in the soil and do not emerge each night to feed. 
No doubt these factors v<ere partly responsible for much 
of the variation shown in the author's data. 
In the 1932 experiments the data for the third day 
were selected for presentation, largely because of the 
rising death rate in the male checks. Had the data for 
the fifth or sixth day been chosen for presentation, the 
mortality of the female beetles would have been increased 
appreciably, especially in the moderate and light treat­
ments j e.g., in experiment I on the sixth day the average 
percentage killed by the various treatments was 99, 91, 
88, 8S, and 10 instead of 82, 79, 70, 40, and 2 as given 
in table 2 (third day). It should be noted that these 
tests were conducted late in the flight season and the 
high death rate of the males was somewhat due to their 
advanced age. 
The formula x-Y - % control (x :: number 
«Xk 
live beetles in checks, and y - number in experiment.) 
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was then applied to the data in order that the results 
for the two sexes might be more easily compared. The use 
of this formula did not materially change the relationship 
existing between the percentage killed in the various 
experiments, and the death of the males continued to be 
higher than that of the females# 
Flgxu'e 5. A graph illustrating the difference in 
efficiency of one and two nights treatment with calcium 
arsenate on P. hirtlcula. Iowa, 1932. 
Percent of Beetles JDe.ac/ 
Pigxire 6. A graph Illustrating the difference in efficiency 
of one end two nighta treatment with lead arsenate on 
P. implicita. Iov;a, 1933• 
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Figure 7. A graph illustrating the difference in 
efficiency of one and two nights treatment with calcium 
arsenate on P. implloita. Iowa, 1933. 
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The application of the foraiula to the data of the 
third day unduly reduced the values for the heavy treat­
ments because most of these beetles had died on the first 
and second days when the nmabor dead in the checks was 
very low. Also, the high mortality of the checks in 
experiment IV gives an unjustifiably lov/ value to 2. and, 
therefore, further reduces the apparent control values. 
Great differences were observed in the daily death 
rate of beetles receiving leaves which were coated with 
varied amounts of the arsenical. The heavy applications 
killed in 24 to 48 hours, whereas, the lighter treatments 
did not give high kills until 48 to 96 hours after the 
beetles had fed upon the poisoned foliage. In fact, the 
moderate and light applications in all experiments gave 
high mortalities as late as 5 or 6 days after treatment. 
Figures 1 and 2 illustrate graphically the percentage of 
dead beetles occurring 24, 48, 72, and 96 hours after 
treatment for male and female beetles. The data for these 
curves were taken from experiment III, because this 
experiment was conducted under reasonably favorable condi­
tions. The same data taken from the other experiments 
ere so similar that repetition of the graphs seems un­
warranted. 
When it was observed that the beetles fed sparingly 
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upon poisoned foliage the question arose of a possible 
Increase in mortality from voluntary starvation. The 
reduced feeding on poisoned foliage was probably duo to 
the first effects of the poison causing a cessation of 
feeding. 
Since very little feeding occurred on leaves re­
ceiving heavy applications of dust, it was suspected that 
the beetles might have received a lethal dose of poison 
by cleaning their dust-covered appendages with their mouth-
parts. The results of an experiment in which the beetles 
vjere rolled in calcium arsenate dust proved rather con­
clusively that the beetles In the experiments were killed 
by eating poisoned foliage. 
In all of the experiments, except, number II 
(table 2), good results were secured by moderate and heavy 
applications of dust and fair results were secured from 
light applications. 
In presenting the results of the cage tests for 
1933, the data for the sixth day were selected largely be­
cause of the death of the beetles after this time was 
obviously not due to the effects of the poison. The data 
presented in figures 3 and 4 are averages of the experimental 
series I - VI (Table 3) inclusive. In fact^ the death 
curves for lead arsenate start to flatten out at 48 hours; 
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in the case of calcitun arsenate the death curves do not 
flatten very much until about 72 hours (see Fig. 3> 4). 
Mortality curves for the male beetles are not pre­
sented because the death rate in the controls was so high 
that the results are somewhat uncertain. The males 
normally have a faster death rate in the field than the 
fetnalos, and the female beetles are often active for two 
weeks after the males have disappeared# 
Tlie fact that June beetles may at times show a 
preference for the species of plant previously fed upon 
was Illustrated when the beetles implicita) collected 
from American Elm refused to eat freely of willow leaves 
in the cages. In the field, however, this species could 
be found in some numbers on willow two weeks after they 
had practically disappeared from the elm trees. Collection 
records indicate that implicita has a strong preference 
for willow and popular trees. 
The individual feeding experiments showed that a 
greater number of beetles refused to eat poisoned foliage, 
and that only two of the 174 beetles survived which had fed 
upon loaves poisoned with lead and calcium arsenate. This 
would indicate that the Increased mortality obtained when 
poisoned foliage was offered a second night was due to the 
fact that some beetles that failed to feed the first night 
fed freely the second night (see Figures 5, 6 and 7). 
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II. Relative Toxicity Tests 
The relative toxicity of stomach poisons to aciult 
June beetles has been but little investigated and the lack 
of knowledge on this subject has hindered recommendations 
concerning the use of poisonous materials for control 
measures. The cage experiments of Travis and Lecker (1933) 
constituted one of the first attempts to study the effect 
of arsenicals upon adult June beetles. In their experiments, 
however, the amount of poison consumed v/as unknown. This 
following section of the thesis was made to ascertain the 
exact dosages required to kill June beetles. 
Although Phyllophap;a lanceolata has been recognized 
as a common crop pest in southwestern United States for many 
years, not until the summer of 1934 was it discovered to 
be abundant in a limited area in southwestern Iowa. This 
species is peculiar in that it is diurnal in habit. This 
habit proved to be helpful in making field tests, since 
feeding occurred during the day instead of at night. 
The beetles used in tests were gathered from pasture 
fields and placed in a large screened cage where fresh 
dandelion leaves were provided for them to feed upon until 
they became accustomed to confinement. In order that the 
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beetles would feed well on the poisoned foliage, they 
were starved twelve hours previous to poisoning. On 
account of the heavy death rate of the mules (even in the 
controls) only female beetles were used in the experiments. 
The relative toxicity of three arsenical compounds 
and one metallic cyanide is presented in these tests. 
Incomplete toxicity records are also given for two other 
arsenicels and one fluosilicate. The compoxinds used, with 
their pertinent analytical data are; Paris green 
(CU0A32^^3»^^(^2^3®2^ ' 38.84^# water 
soluble ASgOg 5*00%; Cuprous cyanide CuCN 99.34^^; 
arsenious oxide ASgO^ 99.89^; acid lead arsenate (PbHAsO^), 
PbO 64:,b0%p AsgOg 32,88%, water soluble ASgOg 0.22^; 
calcium arsenate CaO 33.16Jfa, •^32^5 31.23j;^, water soluble 
ASgOg 0,29%; sodium fluosilicate NagSiPg 96.71;^; and 
Zinc arsenite, commercial sample. 
The Insecticides were administered, with slight 
modifications, by means of the "leaf sandwich" method of 
Campbell and Pilmer (1928). Fresh potato leaf sandwiches 
dusted with the compound to be tested were used to apply 
the desired dosage. i3een and dandelion leaves v/ere also 
tried, but these were so thin that the sandwiches did not 
maintain their shape. 
A sharpened cork borer was used to cut discs from 
the potato leaves. The discs were cut and retained in a 
moist chamber until needed. An aqueous solution of gum 
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arabic having the consistency like that of honey was 
employed as an adlieront for the insecticide filler of the 
sandv;ich, and also to hold firmly together the two discs 
of the sandv/lch. The gum arable allowed heavier applica­
tions of tho poison and fastened together the two sides of 
the sandwich better than did the starch paste used by 
previous workers. 
The toxic raatorial, before being applied to the 
leaves as a dust, was first ground In a mortar and passed 
through a 200 mesh screen. This dust was then blown into 
a bell jar, the larger particles allowed to settle out, 
and the jar was moved over a glass plate which held the 
sandwich discs and a piece of tared graph paper, 2260 
sq. ram. In area. The increase in weight of the paper after 
dusting was used to calculate the amount of poison falling 
upon the surface of the discs. 
In order to prepare sandwiches, unpolsoned discs 
were coated on one side with a film of the paste and 
gummed side pressed dovm over the poisoned surface of the 
dusted discs. The sandwiches were fastened in wire clips 
which viere Inserted in the side of a large cork. The 
treated food was offered successively to caged beetles 
until one was found that would eat it. Aa soon as feeding 
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had started, the cork bearing the sandv/ich and beetle was 
placed gently on a table and the beetle allowed to eat 
until satisfied or until It had consumed an amount of 
poison sufficient for a toxicity test. After feeding, 
the beetles were placed in large glass vials with un-
polsoned food for future examination. The body weights 
of the beetles were obtained after feeding, since many 
individuals refused to feed for a long time after the dis­
turbance caused by this handling. 
The dosages consumed were calculated from the num­
ber of square millimeters of the sandv/ich eaten. TTils 
area was measured by placing the sandwich over a piece of 
millimeter graph paper with a circle drawn on it equal in 
size to that of the original disc. Measurements were made 
immediately after the beetles had stopped feeding in order 
to avoid any error resulting from shrinkage of the leaves. 
If shrinkage occurred, the leaves were placed in a moist 
chamber and measured after they had regained their original 
diameter. 
Observations were mede at twelve hour intervals for 
a 96 hour period to ascertain the survival time of the 
poisoned beetles. Individuals vrere considered dead that 
were unable to move their legs nhen gently pressed on the 
ventral side of the abdomen. 
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The fifteen control beetles used eech day received 
the following treatment during the observation period of 
96 hours, five received no food, five received leaves with 
a coating of unpolaoned gum arable, and five received 
fresh untreated leaves. The number of beetles that died 
in the controls was alraost equally distributed in the 
three different treatments. Only 6.6 per cent of the 
beetles died in the four day period. 
Gum arable paste produced no visible toxic or 
repellent effects. Little difference in survival time 
was noted for the various dosages. The survival time of 
the beetles fed sandwiches poisoned with araenious oxide, 
Paris green, acid lead arsenate and cuprous cyanide, are 
presented graphically In figure 8 v/here the percentages of 
survivors is plotted against time. At the second observa­
tion, twenty-four hours after the beetles fed upon the 
poison, Paris green, cuprous cyanide, and acid lead 
arsenate appeared to be nearly equally effective, killing 
from 15-17 percentage of the insects during this Interval. 
At the end of 48 hours, however, most of the beetles in 
the experiments had dledj in only two cases did any beetles 
survive 96 hours, and these were in the arsenious oxide 
test, Arsenious oxide is apparently much slower in action 
for this Insect than any of the other three insecticides. 
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After ingesting arsenloua oxide, 50 per cent of the 
beetles survived for about 20 hours, v;herea8, in the case 
of acid lead arsenate the 50 per cent survival point was 
reached in about 13 hours. The 50 per cent point was 
passed long before the first observation (12 hours) for 
beetles fed Paris green and cuprous cyanide. 
From 15 to 20 minutes after feeding upon poisoned 
sandwiches, many of the beetles regurgitated copiously. 
Undoubtedly much poison was thrown off in this manner, but 
the fact that only one beetle siarvived which had regurgitated, 
indicates a retention of a lethal dose of the administered 
compounds. This one exception occurred in the Paris green 
tests after 0.02 mg./gm. of this arsenical had been con­
sumed. In the various tests regurgitation occurred in the 
following percentages before death occurred; calcium 
arsenate 100%, Paris green 100%, arsenious oxide 92%, acid 
lead arsenate 89^, sodium fluosilicate 75Ji., copper cyanide 
70?^, and zinc arsenite 64%* (The data may be seen in more 
detail in table 8.) 
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Table 8 
Percentages of beetles that regurgitated after having 
eaten poison (Phyllophaga lanceolata 1934) 
Insecticide 
Arse-
nious 
oxide 
Paris 
green 
Zinc 
arse­
nite 
Acid 
lead 
arse­
nate 
Cal­
cium 
arse­
nate 
Cup­
rous 
cyan­
ide 
Sodium 
fluo-
slllcate 
Total No. 
Insects 49 57 12 173 70 104 12 
No. Insects 
dead 25 25 11 108 5 71 0 
Percentage 
that re­
gurgitated 
before 
death 92 100 64 89 100 70 75 
No. insects 
recovered 24 32 1 65 65 33 4 
percentage 
regurgi­
tating that 
recovered 0 4 0 0 0 0 0 
It is interesting to note that regurgitation occurred 
in a greater number of cases in beetles that were fed 
arsenicals, excepting those given zinc arsenite. None of 
the ^  Impllclta used in another test were seen to regurgi­
tate even though several hundred were fed calcium arsenate. 
The experiments with Paris green show this arsenical 
to be the most toxic of any tested for ^  lanceolata. 
(Table 9). There was no significant difference between the 
mean dosages of the beetles that died and those that re­
covered in the intermediate zone. The data In these tests 
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were all analyzed by means of Fisher's test for significance 
for the means of small samples. In view of this, the 
figure 0.03 mg./gm. can be considered to be the M.L.D. for 
this Insect. Richardson and Haas (1931) found the M.L.D. 
for Paris green to be less than 0.10 mg./gm. for 
Leptlnotarsa tridecemlineata (Say) larvae and the same 
authors (1932) found the M.L.D. for Melanoplus femur-rubrum 
(DeG.) to be 0.19 mg./gra. The figure obtained for 
P. lanceolata is then about one-sixth as large as the 
M.L.D. for ^  femur-rubrum, and probably less than that 
obtained foi^ Leptlnotarsa larvae. 
The estimated M.L.D. obtained for curpous cyanide 
was 0.04 mg./gm. or about the same as that for Paris green. 
This was the same as that obtained by Campbell and Filmer 
(1928) for the silkworm. Richardson and Thurber (1933) 
obtained an M.L.D. of 0.11 mg./gm. for Melanoplus 
dlfferentialls (Thomas), a figure almost four times the 
value obtained for ^  lanceolata. A comparison of the 
means showed no significant difference between them. A 
statistical comparison of the dosages within the inter­
mediate zones of both cuprous cyanide and Paris green 
Indicates, at most, doubtful significance, so that as great 
a variation in the M.L.D.'s could possibly be expected in 
two groups of these Insects which were fed the same poison. 
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Table 9 
A summary of the toxicity data for Phyllophafia 
lanceolata Say (1934) 
Poisons 
Zone Paris J 
green 
Cuprous 
cyanide 
Arsenlous 
oxide 
Acid lead 
arsenate 
Lethal 
Dosage range^t 0.27-0.07 0.47-0.08 0.24-0.15 1.59-0.24 
Mean dosage-a- 0.11 0.16 0.18 0.45 
Number of Insects 11 37 5 61 
Range in weight (gras.) 0.24-0.46 0.23-0.51 0.23-0.46 0.26-0.53 
Mean weight (gms.) 0.38 0.36 0.36 0.42 
Intermediate 
Dosage range^f 0.06-0.02 0.07-0.01 0.14-0.02 0.23-0.06 
Mean dosage that 
killed 0.034 0.043 0.066 0.14 
Mean recove3?y 
dosagett 0.033 0.036 0.063 0.11 
Median lethal dose 
(M.L.D. 0.03 0.04 0.06 0.12 
Number of insects 
Died 14 34 20 47 
Recovered 13 28 17 36 
Range In weight (gms.) 0.26-0.49 0.23-0.50 0.21-0.50 0.26-0.59 
Mean weight (gms.) 0.37 0.37 0.36 0.41 
Sublethal 
Losage^s' 0.02-0.007 0.008-0.005 0.03-0.01 0.06-0.009 
Mean dosage* 0.01 O.OG 0.02 0.03 
Number of Insects 19 5 7 29 
Rang© In welght(gras.) 0.24-0.54 0.39-0.56 0.19-0.49 0.26-0.51 
Mean weight (gms.) 0.38 0.43 0.37 0.42 
•sfrDosages are given in milligrams of poison per gram body of 
weight of the Insect. 
Arsenlous oxide gave an M.L.D. of 0.06 mg./gm. which 
Is two times as large as the figure obtained for Perls green 
-65-
(Table 9). The M. L. Li. of Richardson and Haas (1933) of 
0.11 rag./tini. for M^. differentlalla is nearly two times as 
great as the figure obtained for this insect. Campbell 
(1932) reported an M.L.D. of about 0.02 mg./gm. for the 
silkworm, a figure which is only one-third that obtained 
for ^  lanceolata. A comparison of the mean dosages in 
the intermediate zone shovs that they are not significant. 
The M.L.I', of acid load arsenate of 0.12 rag./gm. is 
very noar the figure of Cempbell and Pilmer (1928) of 0.09 
mg./gm. for the fom»th instar silkv/orm. A statisticol com­
parison of the means 0.135 mg./gni. and 0.111 mg./gm. shows 
a slight significance between them. The average of these 
means is, hov;ever, the best figure for the M.L.D. that can 
be obtained from these data. 
An attempt to secure an M.L.li. for calcium arsenate 
proved unsuccessful. Dosages of from 0.06 to 1.15 rag./gm. 
with a mean dosage of 0.39 mg./gm.. In an evenly distri­
buted series were administered to 70 beetles. Five of 
these died after consuming 1.15, 0.79, 0.50, 0.19, and 0.18 
mg./gm. respectively, of the poison. Only five individuals 
regurgitated, and these were the five that died. Similar 
results v;ere obtained when calcium arsenate from this same 
source was used in toxicity experiments on impllcita. 
A few of the beetles died, but results were very erratic. 
Figure 8. Survival curve showing the effectiveness of 
various substances foci to lanceolata. Dosage range, 
of body weight; arsenious oxide, 0.24-0.03; 
Paris ^roen, 0.27-0.02; cuprous cyaniae, 0.47-0.12; 
acid lead arsenate, 1.59-0.06. Iowa, 1934. 
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A different brand of calcium arsenate gave fair results 
(Travis and Decker, 1933) when used in cage tests on 
P. hlrtlcula and rugoaa. The poor showing made by the 
calcium arsenate used in the M.L.D. tests may indicate 
that the aaaple used was less toxic than that used in the 
cage tests. 
Zinc arsenite and sodium fluosllicate were tried, 
but time did not permit the completion of the tests 
before the beetles were gone; only twelve individuals were 
used in each test. In the case of zinc arsenite all of 
the beetles died except one. This one had consumed 0.08 
rag./gm. of the compound. Dosages for those that died v / e r e  
0.38, 0.28, 0.18, 0.13, 0.13, 0.12, 0.12, 0.09, 0.06 and 
0.04 mg./gm. with a mean dosage of 0.15 mg./gm. Four of 
the twelve beetles lived after eating 0.45, 0.12, 0.11, 
and 0.09 mg./gm., respectively, of sodium fluosilicate. 
The eight that died had eaten 1.29, 1.07, 0.99, 0.94, 0.75, 
0.63, 0.13, and 0.07 mg./gm. with a mean of 0.73 mg./gm. 
Lead arsenate appeared to s timulate oviposition. 
Only beetles that were fed this poison laid eggs in the 
cages in which they were retained for further observation. 
Of the 108 beetles that died, 61 laid a total of 136 eggs 
with a range of 1 to 5 and an average of 2.2 pel' beetle. 
Of the 65 that survived, 7 laid a total of 11 eggs with a 
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range of from 1 to 4 and an average of 1.6 per beetle. 
These egga all hatched, except those that were covered 
v/ith regurgitated materials. 
Male beetles of this species were not used in the 
M.L.D. tests. As pointed out in the cage tests of Travis 
and Decker (1933) male ^  hirticula have a high death rate 
earlier in the season and are more susceptible to 
insecticides than the females. This is also true for the 
male lanceolata; in fact, the mules proved to be af­
fected a great deal more by the hot weathei' and by handling 
than the males of ^  hirticula. 
Zi. lanceolata wore not discovered in lov/a until 
rather late in the flight season, and at that time the 
v/eather was so extremely hot that the flight i^eriod was 
greatly shortened. Temperatures were so high in the 
laboratory at the time the experiments were in pro^iress, 
that the beetles could be Icept alive only by placing them 
in a cool room. 
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A FOUR yEAR MIGRATION STUDY OF VmiTF, GRUBS 
During the years 1930-34 white grub migration and 
hibernation were studied in Iowa to determine within what 
periods these insects would be moat vulnerable to control 
measures. The migration studies v/ere concerned with the 
time of year that grubs migrate downward during the fall 
and upward in the spring. The hibernation studies were 
concerned v/ith the hibernation depths of both larvae and 
udult Phyllophaga, Incidental to these observations, data 
wero also sheared for the pupation time of the grubs, and 
the depth of pupation for Tiphia and Elis parasites of 
the grubs. The records vjere taken largely in bluegrasa 
pastures. The data from timothy meadows and corn fields 
are very similar and do not differ materially from blue 
grass pasture observations. 
The method of study was to remove the soil by means 
of vertical slices from plats two feet square {4 sq. ft.), 
so that the depth or distance of the larvae, pupae, adults 
and parasites from the surface of the ground could be 
accurately measured. The soil v/aa removed at least one 
foot deeper after the last grub was encountered. A 24-inch 
automobile spade was used for the excavation. No observa-
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tiona were recorded when the grubs were eccidently dis­
lodged before their exact location could be noted. 
All the records for 1930-32 were from Decatur County 
and for 1933-34 from Floyd County, Iowa. The soil type in 
the locality studied in Decatur County was a dark-brown, 
loose loam, usually averaging 6-10 inches in depth, 
grading ootaewhat abruptly into a subsoil consisting of 
yellov;, heavy tenacious gritty clay, showing some raottlings. 
Throughout the soil and subsoil some fine, coarse, gravel 
and stones occurred. The soil in the Floyd County area is 
a dark brown to black silt loam, 10 to 12 inches deep. 
The upper subsoil is a dark brown to black silty loam 
changing at 18 to 20 inches into a gray silty clay loam 
to brown clay, mottled v/ith grey and stained with iron. 
During these investigations so much difficulty was 
experienced in locating areas having high populations of 
first year larvae of any brood that the date on young 
grubs are very meager. 
McColloch and Hayes (1923) in their study of soil 
temperatures report two complete overturns of soil tempera­
tures during the year, causing white grubs to migrate down 
in the fall and up in the spring. No soil temperature 
records vjere attempted in these studies. However, the 
sudden and rapid up and down migrations of gruba in Iowa 
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may be correlated rather closely with variation in soil 
temperatures. 
In 1930, the first hard freeze occurred the night 
of October 15. Three days previous to this time all the 
grubs were feeding just under the surface of the groxind 
and by October 17, 50 per cent had migrated down below six-
incti line, the maximum depth being 19 inches. The migra­
tion was complete by November 14, all the grubs having 
secreted themselves In earthen cells for hibernation. 
Larvae collected at this time were liberated in an 
unplowed field in an effort to investigate further this 
rate of migration. These grubs were placed in one foot-
siiuare spaces in 4 groups, each containing 25 grubs and 
covered with a thin layer of soil to prevent birds from 
molesting them. These grubs were then dug up at the end of 
24, 48, 72, and 96 hour Intervals and the location of each 
grub recorded to the nearest inch. The migration was 
almost vertical downward aiid most of the ginabs v/ere found 
in the one square foot aroa and all within an 18 Inch square. 
The migration depth for each 24-hour intervals is given in 
table 10. 
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Table 10 
Rate of grub migration 
Ames, Iowa 1930 
Depth in inches 
Hours ?y'!inimum Maximum Me an 
in. in. in. 
24 1 10 5.3 
48 4 15 9.4 
72 2 20 11.9 
96 5 18 11.1 
Winter migration dov/nwards for Brood A began Octo­
ber 23, 1932, and v/as complete by November 17, 1932. In 
1933 the migration began October 30 and was complete by 
November 16, 1933. 
Hibernation takes place in earthen cells formed at 
the end of the migration tunnel. Observations indicate 
that these cavities are formed by the larvae pressing the 
soil outwards with their heads and mandibles. 
In 1930 (Decatur County) the maximum depth of 
hibei'nation in bluegrass sod was 22 inches, the minimum 
7 inches, and the mean 14.45 inches; in timothy the 
maximum was 24, the minimum 13, and the mean 15.55 inches; 
in corn the maximum was 22 Inches, the minimum 10 inches 
and the mean 19.0 inches. In 1932 (Decatur County) the 
grubs migrated down in bluegrass sod to a maximum of 24 
I'l^ure 9. Hiborntxon deptha for grub worms. Iowa, 1930, 
193S, 1933. 
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inches, a oilnlmum of 9 inches^ and a mean of 14.5 inches. 
In 1933 (Ployd County) the maximum depth of migration in 
bluegraas was 30 inches, tho mitiimum S inches, and the mean 
17.9 inches; and in corn fields the maximum was 30 inches, 
the minimum 1 inch, end the mean 17.5 inches. 
It was noted in tho excuvation that the grubs seldom 
peneti'ated more than 2 to 3 inches into the hard and rather 
impervious subsoil. The difference in hibernation depths 
in Leon and Ployd counties appears to be largely a result 
of tho differences in the depth of the heavy clay strata 
rather than the diffei'ence in the climatologicsl factors. 
The results of tlie hibernation studies are given in 
finsure 9. 
The "up" migration started between April 7 and 16 
in 1931 and was complete by May 19, 1931. In 1933 the up 
migration began between April 1 and 9 and v/es complete by 
May 10, 1933. The spring migration in 1934 was peculiar 
in that a good many larvae never migrated up to feed, but 
pupated in their hibernation cells. Migration started 
between April 27 and May 5 and could never be called 
complete. At the time some larvae were in the prepupal 
stage and others migrating upwards. 
In the Floyd County area all larvae end adults were 
found dead in the spring to a depth of 14 inches. These 
-77-
indlviduals epparently succtimbed to the cold weather. 
Other than this record no dead Phyllophaga were found dur­
ing the period 1930-34 whose death could he attributed to 
loT.' temperatures. This la in spite of the fact that larvae 
overwintered in Decatur County at a depth of only 3 inches. 
Mortality la apparently very high among the larvae 
of Phyllophaga. Hayes and McGolloch (1928) report 60.7 
per cent mortality of collected grubs under ca^o conditions, 
but there does not seem, to be anything in the literature 
indicating death rate under natural conditions. Table 11 
records all individuals of Brood A (larvae, pupae, and 
adults) encountered while digging in bluegrasa pastures 
from April 1931 to October 1931. The larvae were quite 
uniformly distributed over the entire field of 10 acres. 
With this uniformity of population in mind (see range 
entries under April, May and June in table 11), a high 
death rate Is indicated. It should be observed in table 11 
that mortality was low from the period from the time that 
up migration was complete until the pupation period. 
There was a sharp drop In the number of Phyllophaga per 
plat between the larval and pupal stages, and a slight 
drop between the pupal and liiiaglnal stages. Dead Individuals 
encountered during this period may bo correlated v/lth the 
decrease in population. 
Table 11 
Seasonal decrease in Vi/hlte grub populations 
Lecatur County, Iowa, 1931 
Total lirood A per iJlat 
Month Plata Brood A Mean Ran^e 
Ko. No. Ko. No. 
April 13 278 19.07 15-21 
May- 19 286 15.05 10-23 
June 10 179 17.90 15-20 
July 14 71 5.07 3-9 
August 16 71 4.43 2-11 
September 18 83 4.61 1-12 
Figure 10. A graph illustrating the life history of 
June beetles. Iowa, 1931, 1934. 
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In 1931 at Leon, Iowa, Brood A larvae begun their 
migration dovmward preparatory for transformation betv/oen 
July 1 and July 6. The first prepupae were encountered 
July 2, the maximum percenta^je of grubs in this stage of 
development were encountered August 1. No prepupae were 
found after September 3. Pupation began July 24 with the 
maximum percentage in this stage September 1 and the last 
pupa was observed September 19. The first newly emerged 
adults were found August 20 (see Figure 10), the last 
issued between September 20 and 24. 
V/ith Brood A larvae (1934) st Charles City, Iowa, 
the spring migration up was peculiar in that many larvae 
did not migrate, but pupated in their hibernation cells. 
In view of this fact the prepupal stage was difficult to 
distinguish. Neither the spring hibernating grubs nor 
the prepupae show food materials in the rectum. The first 
recognizable prepupae were found June 28, the greatest 
percentage of grubs in this stage July 12 and the 3a st 
August 24. The first pupae were found July 6, the 
greatest percentage in this stage August 6, and the last 
pupa September 6. ^he first adult was found August 4, 
the last issued between September 7, and September 14 
(see Figure 10). 
The maximum depth of pupation in 1931 in Becatur 
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County was 17 Inches, the miniraum 3 inches with an average 
of 11.47 inches. The maximum depth of pupation in 1934 in 
Floyd County was 31 inches, the tnlnimum 2 inches, and the 
mean 19.1 inches. The differences in depth of pupation in 
the soil for these two years are not considered to be due 
to latitude. In Decatur Govmty the impervious layer of 
clay subsoil is not so deep and is in (-eneral more compact 
end tenaceouo. During the excavation in the. fall of 1930 
e few individuals of Brood C vvere encountered. The maxi­
mum depth of pupation for these was 15 inches, the minimum 
5 Inches, and the average 10.9 inches. 
The irreguleritlfcs noted in the curves for the 
pupation depths for Brood A in 1934 is probably due to the 
fact that many grubs did not leave their hibernation cells 
before pupation rather than the small numbers observation. 
Migration upvmrds preparatory for flight began 
April S, 1931 for Brood 0 and March 27, 1931 for Brood A 
in Decatur County. It will be noted thet the adults 
migrate upwards some time before the grubs leave their 
hibernation cells. Flight usually starts before the 
leaves of the ti»ees have completely unfolded. The early 
spring feeding occurs on the buds of the plants. 
Griddle (1916) in Canada, and McColloch and Hayes 
(1923) in Illinois report that certain Phyllophaga mij^rate 
downwards from their pupal cells during the winter months. 
Figure 11. Transformation depths of June beetles. 
Iowa, 1930, 1931, 1934. 
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Ko Iowa species were observed to leave their transforma­
tion cells during the winter months. This was evidenced 
by the presence of the cast larval and pupal skins in 
the hibernation cells with them. The migration of the 
adults in the soil before emerging appeared to be nearly 
straight upwards. This was ture in spite of the fact 
that the 1933 winter was so cold in Floyd County that all 
larvae and adults were killed to a depth of 14 inches. 
While excavating for larvae, pupae, and adult June 
beetles, 65 pupae of Tiphia and Elis were collected in 
1930 and 163 in 1931. Practically all of the records in the 
literature concerning the hibernation of these hymenopterons 
have been contributed by McCollooh, Hayes, and Bryson (1928). 
Their collections extend over a period of five years 
(1920-26), envolving 103 individuals. They found cocoons 
at depths ranging from 2 to 23 Inches with yearly averages 
varying from 9.9 to 17.2 inches. The average for the four 
years was 11.1 Inches. 
In 1930 the maximum depth of these pupae was 16 
Inches the minimum 1 inch, and the mean 7.26 inches; in 1931 
the maximum 17 inches, the minimum 3 Inches, the mean 12.3 
Inches. Those two species parasitised about 3 per cent 
of the grubs in a bluegrass pasture, 6 per cent in a corn 
field and 7 per cent in timothy. 
Figure 12. Pupation depths of Tlphla ond Ells parasites. 
Iowa, 1930, 1931. 
•3X 
S3t/-yui ut 
/ 
J-/ 
OB 
•  S j  pnpi  Aiput  
7PSf — _ 
s/0nf>i / i ipul  .c1 
•QSh! 
-A8-
-88-
No other locality in Iowa was observed with such a 
high population of grub parasites during these Investlga-
ti ons. 
I'he irregularities in the curves for 1930 parasites 
is due not only to the small numbers observed, but also 
probably to the drought conditions prevailing that year 
in southern Iowa. 
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HABITS OF ADULT JUNE BEETLES 
For many years Iowa farmers have been writing for 
Information concerning the habits and control of June 
beetles and their grubs. The answers for these questions 
have been taken lai^gely from the writings of workers In 
other states, since little attention has been given in 
Iowa to the habits of the adult beetles. The present 
report la based upon experimental work done in various 
parts of the state during the spring and sunnier of 1932. 
It Includes observations on evening and morning flights 
of beetles, notes on copulation, and results of aome 
light trap studies. Collection data are presented on the 
following species : 
Phyllopha^^a hlrtlcula (knoch), P. tristis (Pab.), 
P. futills (Lec.), p. fusca (Froel.), P. rugosa (Mels.), 
P« hornii (Sm.), P. inversa (Horn), P. vehemens (Horn), 
P. impllcita (Horn), P> illlcls (Knoch), P» marginalia (Lec.), 
P. mlcans (Knoch), P. congrua (Lec.), P. crenulata (Proel.) 
P. prulna (Lec.), ^  drakii (Kby.), ^  nitlda (Lec.), 
P. fosteri (Hurra.), P. balia (Say), P. fraterna Harris, 
and _P^ villifrons (Lec.). With a few exceptions 
P. fareta (Lec.), ^  cribrosa (Lec.), lanceolata (Say), 
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end ^  eplgaea (Vilckh.) Phyllophugo adults are typically 
nocturnal in habits. During the day the beetles raay be 
found in the soil, under rubbish, logs, and boards, i-arly 
in the evening the adults leave these pieces, migrate to 
food plants, feed and mate, and with the coming of day­
light they return to secluded places. 
The literature is somewhat Indefinite relevant to 
evening and morning periods of flif^ht. S. H. Linton (1888) 
gave one of the early records concerning the time of flight 
of June beetles. He observed tristis flying from sun­
down until dark. E. A. Schwarz (1891) mentions that during 
the last week of April, at Vi/nshington, the evening flight 
did not start before eight o'clock and not before half past 
eight a fortnight later, whereas at Plum Creek, Nebraska, 
this author noted flights of P. crassisslma (Blanch.) 
occurring about one hour earlier than the evening flights 
at Yiiashington. Schwarz observed ^  aemula (Horn) flying 
after dark during the early part of March, and in the 
alpine regions of Utah he sav? an undetermined species flying 
at half past six p.m. (9,000 feet altitude); later the 
same species was noted in flight half an hour earlier at 
an altitude of 11,000 feet. Forbes (1907) hu given the 
best report of the evening and morning flij^hts of June 
beetles. This writer found that flights were completed 
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v/ithin a period of fifteen to twenty minutes, the starting 
time depending upon the clearness of the sky. He found 
that the evening flight began from a few minutes before to 
a few minutes after eight p.m., and the return flight in 
the morning began between 3;18 and 4:25 a.m. In 1909 
Manee reported ^  triatis flying from six to eiglit p.m. in 
North Carolina. Langston (1929) noted ^  davisi Langs, 
in the air one hour before dark. 
The dally activities (emergence in the evening and 
the return to the soil in the morning) have been studied 
at four points in Iowa: (1) Leon, lovm (extreme south-
central), (2) Ames, Iowa (central), (3) Hampton, Iowa 
(north-central), (4) JJarquette, Iowa (extreme northeastern). 
The time of these flights (table 12) agrees with the observa­
tions reported by Forbes (1907) in Illinois. The criterion 
for the time as listed in table 12 is based upon the 
Initial appearance of the beetles in flight. 
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Table 12 
I'venlng and morning fliglrit times of Phyllophaga 
(Brood A, 1932) 
Time of Time of 
Locality Date evening flight morning fllp.ht 
5-19-32 8:07 3:45 
Leon 6-21-32 8:05 3:40 
5-23-32 7.55 3:25 
Ames 6-20-32 7.59 3:31 
6-28-32 8:21 
Marquette 7- 8-32 - 4:15 
5-12-32 8:04 4:00 
6- 1-32 8:00 4:09 
Hampton 6-18-32 8:05 3:50 
6-22-32 8:01 3:59 
In each of the localities the order of emergence of 
the different species remained the same, even though their 
starting times varied from 7:55 to 8:21 p.m. When numer­
ous enough in a given locality to permit accurate observa­
tions, the species typically issued in the following order 
P. triatls^ P. hornil, P. hlrticula, and ^  rugosa. As a 
rule, ^  tristis preceded the other species by about five 
minutes, after which horni 1, P. hirticula, and rugos 
followed each other at about two minute intrrvalo. 
The morning flights began from 3:25 to 4jl5 a.m. 
Movements from the trees were accomplished either by 
(1) flying directly from the leaves and twigs# or (2) by 
loosonlng their holds and dropping to the ground. In the 
latter case, however, some of the beetles frequently took 
wing while felling and flew away, whereas others made no 
apparent effort to fly end burrov/ed into the soil soon 
after striking the surface. On cool, cloudy mornings 
dropping to the ground was more prevalent than the flight 
method of departure. The different species departed from 
the ti'ees in the same order and with the same relative 
differences in time in wliich they came. 
borne records of evening emergence (flight) at Ames 
were obtained under cage conditions with hirticula and 
P. hornii. Morning records were not successful in the 
cages since the beetles did not remain on the leaves 
throughout the night. Invariably the evening emergence 
extended over a period of aijproximately fifty minutes. 
The peak of emergence occurred fifteen to twenty minutes 
after the first beetle issued from its hiding place. 
Tv/enty-five minutes after emergence was initiated 71.4 
per cent of ^  hirticula and 71.2 per cent of ^  hornii 
had departed from their hiding places. Records of evening 
flights for two species are given in table 13; the cage 
emergence data compare favorably with field observations. 
Figure 13. Evening eaiersence of hirtlcula and 
P. hornil adults. lov/e, 1932. 
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Table 13 
Evening emergence (flight) of ^  hirticula and ^  hornli 
(Brood A, 1932*) 
Minutes 
Emerged (percentage) 
P. hirticula P. hornli 
5 4.53 9.05 
10 11.18 14.02 
15 18.53 20.26 
20 20.15 13.02 
25 17.13 14.93 
30 12.57 10.40 
35 7.88 6.22 
40 4.42 6.33 
45 2.33 3.15 
50 4.28 2.62 
100 100 
At intervals of one minute the beetles were col­
lected as they emerged from the soil in the caties. Later 
the oexes v;ere determined for each collection and the male 
and female beetles were treated separately (Figure 14). 
It is interesting to note that the emergence curves for the 
sexes are quite similar, except that of the male apparently 
has a slight tendency to form a double peak of issuance. 
In the cage experiments the number of individuals of 
P. hornii viere much less than in the tests with F. 
hirticula (see Figure 13). The peak of activity of the 
former seemed to be about five minutes before that of the 
99-
latter, but flifiht In niunbers extended over a longer time 
In the case of ^  hornll« 
I'he observations on copulatioxi of June beetles 
include some unpublished records taken by R. L. Viiebster in 
Iowa. Some fairly abundant species were never seen in 
copula. Records of pairs found copulating in the field 
are listed in table 14, whereas table 15 gives complete 
records for three pairs of hlrticula and four pairs of 
P. triatis* All pairs in coitu observed by the author 
ware found on their food plants v/ith one exception, 
P« crenulata being taken on ijraas under an oak tree. 
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Table 14 
Copulation time of Pliyllophuga 
(Brood A, 1932) 
Species Time observed 
crenulata 8 :35 p • m • 
—• 8 :41 p • ca • 
It 8 :30 p .m 9 
illcis 8 :47 p • m m 
anxla 9 :05iJ P-m. 
—XT ••  9 ;S0iJ- P* m. ir 9 P» m. 
n 9 :30if p. m. 
ri 9 P« m. 
9 :00* p. m. 
rugosa 10 r50> P« m. 
10 :35-•10 :40-» p. m. i> 8 ;S5- 9 ;00iJ P> m. 
II 8 :41 P-ra. 
9 :40-:^ P« m. 
n 9 :00- 9 :2Q* p. m. 
H 9 ;41 p. m. t( 8:53 p. m. tl 10 :37 P-r/i. M 11 ;01 p. m. 
hirticula 8 :35 p. m. 
— —  8 :41 p. m. 
It 8 :46 P* m. (1 10 :31 p. m. 
K 11 :40 P" m. l> 12 :00 p. m. tl 1 :50 a. m* tl 2 :00 a. m. 
H 9 :53 P-m. H 9 :14 P-tn. 
nltida 9 'A&Vr P-•m. 
n 10 : 10-10 P->in. 
balia 10 :10-10 :25* P->m. 
fuitlls 
Impllclta 
runlna" 
anceolata ! 
nrr 
II 
ti 
^Records of K. ij. Webster 
8;30- 9;00* p.m 
8:23 p.m 
8:10 p.m 
8;S5 a.m 
8:41 a.m 
9:16 a.m 
9:37 a.ra 
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Table 15 
Length of copulation time of Phyllophaga 
(Brood A# 1932) 
Species 
time 
started 
Time 
ended 
P. hirticula 6 :46 p.m. 2 :30 a.m. 
~ir ~ 8 :42 «i 2 :33 tl 
n 8 ;51 tl 11 :45 II 
P. tristis 8 :32 tl 9 <19 p.m. 
n 8 :37 II 9 ;20 It 
tt 8 ;42 It 9 ;21 II 
8 :57 n 9 ;30 ft 
Two light traps (gasoline lanterns being used aa 
the source of light) were operated at Leon, Iowa, during 
the summer of 1932. Only 1266 beetles were taken from 
these traps during the entire summer. These data do not 
compare favorably with the catches reported by Sanders 
and Fracker (1916) in Viisconsln and other workers. 
Some writers have reported that females of moat 
species of phyllophaga are only slightly attracted to 
lights. In the case of ^  trlstis and micans the writer 
found that the females outnumbered the males. Of the 
total 1266 beetles collected, 62.3 per cent were males and 
37.7 per cent were females (see table 16). 
Over 53,000 beetles were collected ruing 1932 in 
Iowa, 'j-'he specimens are represented by 21 species. 
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f. congrua being recorded for the first time in Iowa. Of 
these species, 14 species were collected on 18 different 
trees and shrubs^ 14 species at light traps, and 15 from 
miscellaneous collections. The latter were taken under 
rubbish, behind the plow, while digging for white grubs, 
and the one remaining sent to the college for determinaticsi. 
The number of individuals recorded in table V with 
the different host plants can not necessarily be considered 
significant in determining the food choice of the beetles, 
because more collections were made from some plants than 
others. 
The number of females exceeded that of the males 
in some of the species. This was true In the case of the 
following beetles taken from host plants: hirtlcula, 
P. fusca, P. rugosa, P. implicita, and ^  crenulata, while 
this was true only for ^  implicita in the miscellaneous 
collections. The percentages of the total males and 
females taken from food plants and miscellaneous collections 
did not vary appreciably (table 17). 
Although collections were made in only nine of the 
ninety-nine counties, they give a fair sample of the 
Phyllophaga occurring in the state, with the exception of 
the northwest corner (table 18). 
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Table 16 
Collection Data for Phyllophagja 
(Brood A-, 1932). 
• 
• 
9  
• 
• 
• 
• 
« 5 
O  
•H : 
s, s 
03 W 
• 
• 
9 • * 4 
I  •  .  •  9  
9  9  9  9 '  
« • • • 
9  9  9  9  3 • • « 
9  9  9  9  
9  9  9  m  
» fe s 
O • o • J o • 
fa : o : a i H 
3  « • H ,  (Q • W • (xi. J &: •<} 
: : : : 
: : : : : :'d : O 
•  f f M  4  9  9  9  •  
« OS * • • *4^ * ^  4 a * 0 ' © *  " U  
g  : » £ 3  s  w ! £< s » M  d.© ,  U  .  M  .O.fa .&< .®, S « r t * Q » a l *  • © •  : p j  
43 'ri • •4jSS 'dJO'TO 
+ »  : p i  t i  : « r t : o  ; © P i : o fs \d 5 o il oj P4« o i5 Sw »« «« sg.sw :S<iS!ej 
> : : : : : :  
• • • • 
• ^ • • • 
:© : : : 
• o : o ^ : 
:<4 : o s 
: d : S : o : 
Mfrtj+'swj OS P O • o • 5 a  :o?: o : R : 
: : : : : 
t i  11556:1105: 183:291:244 88:176:116: 1: 36: : :37:19: : : : 
Mrtlcula;9:20211:1184: 186:317:334:182:206:155: : 72: : : 7:20: 1: : : 
P. U! 6456 i J-• 141 1: 
—^ 
ft J-ft - 1—!-
^ 
• -T —f-ft —J-• —i —J-ft —t-ft ft —r ft ~r 
triatis ;9: 4031: • • 105: 3: ft ft ft ft : : ft ft ft ft ft ft : ft ft ft ft : 
1P.' 5: « ft 442: • ft ft ft 1: 3: : : ft ft : 5 ft ft ft ft ft ft : 
futllls :9: • • « • 433: ft ft ft ft 1: 2: ft ft ft ft ft ft : 4 ft ft : ft ft : 
p. rj: 126: 13: 23: 38: ft • : : : 'ft ft ft ft ft ft ft ft 2 : : : 1: 
fuaca :9: 601: 8: 39:158: ft ft 26: 3: : 6: 1: ft ft 2: 4 2: ft ft ft ft ft ft 
P, :<$: 16: 3: 14: 3: ll: ^ f t  : 3: 37: 3: is: 15: : i: : 
pupioaa :9: 9: 13: 12: 3: 27:180: : 13:199 89:115: 59: 1: : 6: ft ft 
P. : i :  • • 162: « • ft ft ft ft I 13: : ft ft : ft ft ft ft ft ft ft ft : 
hoi»nli :9: : 191: « « : ft ft ft ft 21: : .ft « ft ft t : ft ft ft ft ft ft 
P* :d>: : 126: • • 1: : ft ft ft ft : : ft ft ft ft : ft ft ft ft 
inversa :9: : 130: « • 1: ft ft m ft ft ft ft ft : : ft ft : ft ft ft ft 
P* • • : • • ft • 3 : : : ft ft ft ft ft ft : ..ft ft ft ft ft ft 
vehemens :$: : : : : ' ft ft t : : : ft ft ft ft : ft ft ft ft ft ft : 
P. :5: : • • 1: ft ft : i: : : ft ft : ft ft it : 2: : : 
implicita:?: 2: 3: 1: ft ft 2: 6: : : 5: 6: 17: 54: : 2: ft ft : 
P. :<?: • 9 6: • • : ft ft 6: : 4: lb: 5: ft ft 1: ft ft 2: : * ft 
Uicls :9: 9 9 17: : ft • 2: 6: 1: 1: 11: ft ft ft • 2: : 1: : : 
1?. mar- 4: « • : • ft ft • : : : : : : : ft ft ft ft : i 
KlnaTi's :9: 1: : • * ft ft « ft : ft • ft : • . ft ft ft : 2: 2: • ft ft ft t 
P* :<J: * • 1: ft ft ft ft • ft : 6: : : ft ft « ft .ft ft ft » ft ft : ft ft 
mi cans :9: 9 9 9 9 'ft 9 ft ft : : 8 ft ft ft ft : : ft ft : i • ft t 
P. :(3!: : : • ft ft « ft « ft • ft • I : : : ft ft : : 
congrua :9: • • • • • ft : ft ft ft ft : : : : ft ft ft ft : : 
t i t  « • • • • t ft ft ft ft ft ft : : ft ft : • ft 3J 1: : ft • 1: 
i:9: 11: 1: 3: 1: : : : 2: ft ft ft ft 1: : 6 2: : : 1: 
P. t i t  : 1: t : ft ft : : : : ft ft ft ft : : : : : 
prunina :?: * • : t : : ft ft : : ft • ft ft : X ft ft • « : : 
• :tf: : : t : : : : : : : : X : : ft ft : t 
dral4,?, :9: t • • : : ft ft : : : : t : It : I : : : 
See next page for continuation of table 
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Table 17 
The Proportion of Soxeo of Phyllophnga 
Collected in Iowg 
(Brood A, 1932) 
FqqA "nifints 
Species 
*BoT jt. Mo, A Totel 
LlKht trapR 
So. Jl No. % i'fotBl 
P. hlrtloulft 
77 trlstis 
KT futnifl 
TT fueioa 
FT ruffoaa 
T: h^nii 
FT Inversa 
"FT veheraena 
FT itabllcita 
FT lliciB : 
TT mg-ryglnells? 
TeC faloane 
"FT oomvwa 
T: orenulata 
i'. prunln® 
FT drikii" 
FT niiida 
FT fosterl 
FT bfliia ' 
FT "fr'ntema 
FT viliifrbne 
,352 
,ii7l 
J156; 
203: 
150: 
175J 
127? 
37.7 
61.0 
50.9 
19.3 
17.1 
^5.2 
'1-9.2 
6 . 7  
H6.8J 
a* 
7! ^ 6.7 
5^ l^t^-7 
ijloo 
22.S75 
^,139 
850 
7S6t 
212 
131 
1 
29 
62.3136,727 
39.0 
49.1 
so. 7 
«?2.9 
50.S 
93-3 
53.2 
55-6 
53.3 
S5.3 
100 
10,bio 
&9G 
1.053 
S76 
3^7 
25s 
105 
77 
9 
15 
3IV 
n 
1 
ll. 
5}}. 
32 
7 
105 
51 
m 
S"-? 
61.5: 
100 
70.0 
70.5 
i7i 65.H 
17 
15 
100 
100 
35^^ 
5 
3 
20 
21 
9 
16 
55.6: 
5.3 
3«.5 
30.0 
29.2 
3'^.6 
51.6 
100 
100 
100 { 
795 
9 
57 
52 
7 
150 
72 
26 
17 
IM?. 
31 
2 
2 
11 
*-
£ 
13 
12 
1 
Total 21,UQl^; ^7.^ 5LeaM 759 62.•? ii2Z JLI 1266 52 

—lo4"' 
Table 1? 
n of Bexee of Phyllophnga 
Collected In Iowa 
(Brood A, 1932) 
a r)if3ntB Lit ht trsofi l&lsoellaneoua 
• 
« 
: 
* 4 
* 
Mo. : Total fTo.: 5^- Ro.: ^ TotRl No. No. Total 
.7 22,S75 
1 
62.3: 36 ,727 
1 
kkli 354 44.5 795! 71 70.3 30 29.7 101 
.0 4,139 39.0; 
%.lj 
10 ,blO 4; 44.4 5 55-6J 9 1 100 1 
.9 396 54; 3 5.3 57 114 46.9 129 53.1 243 
.3 650 &Q,7i 1.053 32: 61.5! 30 3B.5 5S 7^.1 7 21.9 32 
.1 7Bbt fi2.9: S7t> JllOO 7 134 79rS 34 20.2 16g 
.2 £>12 54.S 3^7 105: 70.03 45 30.0 150 4 50.0 4 50.0 B 
.2 131 50.S 25s 51J 70. 21 29.2 72 5 55-6 4 44.4 9 
• 
34.6 26 
12s 5b.9 97 43.1 225 
.7 9S 93.34 105 17 65.4: 9 11 34. 21 65.6 32 
41 53.2 77 f7 100 ?-7 2 100 2 
.h 5 55-6 9 44 100 16 
44 
•7 S 53-3  15 J 15 4S.4 51.6 31 44 » t 22 50.0 22 50.0 
-7 2^ S5.3 34; ij 2 10;:! 2 
1 100 1 2 
2 
100 
100 
5 2 
• 
2 
3 
2 
1 
100 
100 
100 
3 
2 
1 
.1 789 62."^ 477 37.7 1266 524 60.1 348 39-9 872 

Table IS 
Collection Data by Counties 
(Brood A. 1932) 
ST5ecles 
P. hirticula 
P. trlstia 
P. futilis 
ZI f^sca 
P. ruROsa 
TT hornil 
P. inversa 
P. vehemens 
?» Impllclta 
Li. ilicis 
P. mai^inalis 
P. micans 
H congrua 
P. crenulata 
P. pntnina 
P. drakli 
P. nitida 
P. fosteri 
P. balla 
P. frsterna 
P. villifrons 
Coimties 
c 
rH 
C 
32,782 
10,501 
137 
990 
5g 
+3 
0} 
o 
« 
3W 
9 
69 
72 
537 
32g 
26 
a 
o d 
u Gj 
>9 
o 
03 
13^ 
110 
76k 
a 
o 
•p 
>a ta 
rH 
o 
a 
o CD 
u 
K 
cs 
c 
o 
c 
o 
s 
0) 
3 
c 
3 Q 
cd 
& 
o 
M 
H 
sS 
+3 
O 
&< 
37,623 
10,620 
1,196 
1,137 
1.051 
5% 
339 
225 
163 
96 
3^ 
3 
3 
3 
2 
2 
1 
I'otal 
IT7S 
72 
2 
14 
lb 
51 
676 
99 
36 
100 
103 
26 
116 
g 
,9 
145 
52 
34 
3 
129 
46 
SO 
32 
3S 
10 
2 : 
ISH T25F 1012: 880 518 325 Ji 53.187 
-106-
Prevlous to the summer of 1934 not more than half a 
dozen apecimena of Phyllophaga lanceolata Say had been 
recorded from Iowa. These were collected near Ames and 
Sioux City. On June 13, 1934, VJilllam Reis, a farmei', 
residing near Murray, Clarke County, Iov;a, sent several 
June beetles to Iov;a State College for determination. The 
farmer's attention was first attracted to these beetles by 
a loud buzzing sound. At the same time he obsei'ved that 
a swarm of "bugs" settled on tho ground a short distance 
in front of him. Thinking they were bees, he stopped to 
investigate and much to his surprise the ground and plants 
v/ere covered with beetles instead of bees. Subsequent 
field examinations by the writer revealed many pastures in 
that county infested with ^  lanceolata. In certain feed­
ing areas, from 15 to 20 beetles per square foot were not 
uncommon. 
The known distribution of this Insect includes 
Mow Mexico, Colorado, Texas, Oklalioma, Missouri, Kansas, 
Nebraska, South Dakota, Iowa and Illinois. Typically it 
is a southwestern species and is an important pest of wheat 
in Kansas and Oklahoma. The abnormally low rainfall of 
southern Iowa during the past few years may in part account 
for its present abundance in this region. On the other 
hand it may have been present in the state for many years. 
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but its protective colorotion, diurnal activity, as well 
as its habits of feeding in pasture lands, may have served 
to delay its discovery. 
The females are generally spoken of in the litera­
ture as being wingless, however, a pair of abbreviated but 
useless hing wings are present. The males, -which are much 
smaller, laave well developed hind wings. 
Both the larval and adult stages often attack cul­
tivated plants. The adult is known to feed upon the fol­
lowing; cobs of corn (Cockerell, 1895); collerds (Howard, 
1890); clover, alfalfa, v/heat, and oats (Hayes, 1919). 
The adults are general plant feeders. Hayes (1919) 
enumerated 27 different plants upon v/hich the adults fed 
in the field and another list upon which they fed in the 
cages. The following is a list of host plants obtained 
during field observations in Iowa. The asterisks indicate 
food plants previously reported by other workers. 
Timothy-Phleum pratense L. 
Bluegraaa-Poa pratensia L. 
•stCorn- Zea mays L. 
^Willow- SalTx sp. 
Osage orange- Madura pomtfera (Ref.) 
Mulberry- Morus alba Lt 
iCnotweed- Polygonum spp. 
Sheep sorrel- Rumez acetosella L. 
Purslane- Portulaca oleracea L. 
Dewberry- kubus canadensis L. 
Cinquefoil- potentilla canadensis L. 
Wild rose- Rosa pratincola Qreene. 
I'White clover- Trlfolium repens L. 
•a-Red clover- Trifolixtm pratense L. 
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Soybean- GlycIne hlsplda Maxim. 
VJild mornlngglory- Convolvulus app. 
Potato- Solanum tuberosum L. 
Mullen- Verbascum thapaus L. 
Blue vervain- Verbena hostata L. 
Puraijkln- Cucurblta ijepo L. 
Snowberry- Symphorlcarpos occldentalls Hook. 
Compass plant- Sllphium laclnlatum LT" 
Small ragweed- Ambrosia" artemlsllfolla L. 
Greater ragv/eed- Ambros'la trlftda L. 
Purple cone flower - Braunerla purpurea D.G. 
Artichoke- Hellanthus tuberosua L. 
Thistle- Clrslum spp. 
Dandelion- Taraxacum officinale VSeber 
In pastures. Polygonum avlculare L. appeared to be 
a preferred host plant for the adults, probably because 
this was the commonest weed In the area where the beetles 
were emerging. Two cases of moderate to severe damage to 
soybeans were observed, one being soybeans planted In 
hills of corn, the other, soybeans drilled for seed. The 
mixture of corn and soybeans was planted in sod plowed In 
the spring. Defoliation of the bean plants vjas rather 
general over the entire field, and most severe on the higher 
ground. The Injury to the corn v;as negligible. Damage to 
the soybean field was confined largely to the first ten 
or tv/elve rows adjacent to a forty-acre bluegrass pasture. 
The grub damage occurred on the higher ground, 
particularly on the hilltops and hillsides. Here the in­
juries were confined to small scattered spots v;here the 
grass destroyed by grubs had been replaced by weeds. 
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The adults of ^  lanceolata are strictly diurnal in 
habit. Activity begins at daylight when they begin to 
emerge from the soil to feed and mate. By seven in the 
evening they have usually secreted themselves in the soil. 
If tlie day is hot and the sun bright, the beetles start 
"digging in" about ten o'clock, and by noon only a few may 
be found above the surface of the groxmd. The greatest 
number are visible betvfeen eigiit and ten o'clock in the 
morning. Adults removed from the soil during the day were 
from two to six inches below the sui'face; eggs were fre­
quently encountered between two and four inches beneath the 
surface. 
On June 25 at 8:25 a.m., the writer observed dozens 
of males coming from various directions and suddenly 
alighting upon a given point on the ground. An examination 
revealed a female to bo the center of attraction. The 
first male to arrive almost instantly succeeded in clasping 
with her partially extruded genitalia. The pair continued 
in copulation for approximately ten minutes. Simultaneously 
many males souglit other females which also seemed to be 
giving off some kind of sex attractant; this phenomenon 
again recurred at 8:41 a.m. on the same day. Inuring the 
next few days many similar flights were observed in which, 
however, fewer males participated. Most matings were ob-
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served between 8:30 a.m. and, 10;00 a.m.; no coition v/aa 
observed before 6;30 a.m. or after 11;30 a.m. 
On many other occasions male and female beetles 
were observed feeding in the same area or even on the same 
plant or leaf, each apparently unconcerned of the other, 
until a female would extrude her genitalia. Almost 
instantly activity among the males became very intense. 
Practically all of the males for 15 to 20 yards aroiind 
immediately flew towards the recejjtivs female. Soon after 
a mule was successful in clasping with a female the excite­
ment among; the other males soon ceased. A few stragglers, 
hov;ever, continued to fly tov/ards the female for several 
minutes. 
During the early morning hours, the males fed very 
little, but spent aiost of their time clinging to weeds and 
other vegetation v;ith the long axis of their bodies 
vertical to the ground, their heads up, their antennae ex­
tended, and the lamellae of the antennal club separated. 
A female, accldently smashed. Initiated a similar 
flight. Subsequent cruahings, in such a manner as to cause 
the genitalia to be extruded, brought males by the dozens, 
but resulted in no visible response from other females. 
This activity lasted but a few moments and although some 
males frequently attempted to clasp with the crushed female. 
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she was soon abandoned. Crushed males produced no visible 
response from either sex. 
The diurnal habit of these beetles was made further 
evident on cloudy days by their increased activity during 
intervals of bri^^t sunlight. A female crushed and tossed 
on the ground, while a small cloud obscured the sun, 
attracted only nearby males, which "buzzed around" on the 
ground and craviled towards the female; only a few were seen 
to take wing. When the sun suddenly appeared from behind 
the cloud, however, activity became instantly intense, the 
fluttering on the ground ceased, amd the males flew rapidly 
towards the injured female. 
I'he following aromatic compounds were tested to 
determine if they would attract adults in the field: 
methyl salicylate, ethyl butyrate, isoamyl butyrate, butyl 
acetate, methyl phenylacetate, thione, saligenin, isoamyl 
mercaptan, vanillyl alcohol, allyl alcohol, piperonal, 
isoamyl alcohol, heptaldehyde, benzaldehyde, anisaldehyde, 
anisole, ethyl benzoate, ethyl aniaate, allantoin, ally-
laraine, acetamide, geroniol, eugenol, isoeugenol, eugenol 
methyl ether, oil of wintergreen, and isoamylamine. None 
of the compounds except isoamylamine attracted the adults. 
This chemical produced a positive reaction only in the males. 
Isoamylamine applied to the body of old dried beetles of 
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either sex produced 8 male response similar to that which 
occurred when a female was crushed. 
The attractant seemed to be an odor that was 
disseminated very rapidly. Activity was always greater 
on the leeward side of the receptive or crushed female. 
The same type of response was secured when the isoemyla&iine 
was used. When there was no breeze> the males from all 
aides for a distance of 15 to 20 feet would fly towards 
the isonmylaraine. Vvlien there was a breose, only the male 
beetles tliat were near (three to ten feet away, depending 
upon the velocity of the v/lnd) were attracted from the 
windward side, whereas, those on the leeward side would 
become active at a distance of from 30 to 40 feet. On 
on© day when there was a strong wind, isoamylamine 
stimulated male beetles to activity as far av^ay as 50 to 
75 feet, but the wind velocity v/as so great that only a 
few beetles were able to reach the source of the odor. 
As the fli{^t season advanced, the females became 
more abundant in the open pastures, whereas the males tended 
to congregate on the hij^er vegetation. 
The beetles were most numerous on May 26. I'hey were 
scarce by July 3, and by July 24 none could be found alive 
in the fields. 
Ten females collected in the field and dissected 
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June 26, contained from 14 to 30 eggs with an average of 
27 eggs per female (table 19). Ovlposltion was already 
in progress at the time these beetles were collected and 
continued in the laboratory until July 21, so the above 
figures probably do not represent the total number of eggs 
produced by one individual. Hayes (1919) repoz'ted that 
two isolated female a luid nine and fifteen eggs 
respectively. 
Table 19 
The number of eggs dissected from ten female P. lanceolata 
collected in the field. Murray, Iowa. June 1934. 
Beetle "Er r s  Beetle Tigf^s 
No. No. 
1 26 6 15 
2 37 7 14 
3 29 8 28 
4 38 9 25 
5 25 10 36 
Total 273 
Female beetles caged over soil and placed in a 
screened insectary, where they wore observed and the eggs 
counted morning and evening for a seven day period, 
appeared to oviposit freely throughout the 24 hours of the 
day. A slightly greater number of eggs wore taken in the 
morning, but the difference in the number of eggs laid 
during the night and during the day was not significant 
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and therefore indicates that ovipositlon is probably 
independent of the time of day. 
One of the ca^^es of beetles consistently produced 
more eggs than the others; the soil in this Instance 
proved to be more moist then that in the other cages. A 
check on this observation was attempted by placing 2,000 
grama of air dry soil in each of a series of nine battery 
jars. One jar contained air dry soil to which no raisture 
was added. ViJater was mixed thoroughly in the soil of the 
remaining Jars, to form an arithmetical series, in which 
100 c.c. was the constant added in each case. Twenty-five 
female beetles were placed in each Jar which was then 
covered with a glass plate to prevent evaporation. The 
experiment was run in duplicate, and in both instances 
the most eggs were laid in the soil containing 500 c.c. 
of water (table 20). Over 90 per cent of the beetles in 
the air dry soil with no moisture added, died within three 
days of the experiment. Almost 50 per cent died in the jar 
to which 100 c.c. of water were added. 
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Table 20 
Table showing the number of eggs laid by twenty-five 
female ^  lanceolata in each of a series of moisture jars 
Siiies, Iowa. June, 19S4 
V;/ater added 
to 2,000 
Krams of soil 
Eggs laid in 
Expt. No. 1 
Eggs laid in 
Expt. No. 11 Total 
eggs 
cc. No. No. No. 
0 0 0 0 
100 0 0 0 
200 32 15 47 
300 70 65 134 
400 80 86 166 
500 143 128 271 
600 93 114 207 
700 76 84 160 
800 51 6 57 
Total 545 497 1042 
Irregularly shaped balls of soil about one-fourth 
to one-half inch in diameter surrounded each individual 
ess* forming an egg cell. One ©gg was placed in each, 
within a central cavity slightly larger than the egg. 
Several of these cells were usually deposited in a tight 
cluster. As the embryo developed, the egg increased in 
size and filled the cavity. It has not been observed how 
the beetles form this egg cell. The author considered it 
to be formed with the posterior legs. 
In the jars with moisture of less than 500 c.c. to 
2,000 grams of air dry soil, the eggs were found free in 
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the aoll. This may be because there was not sufficient 
moisture to form the cells. In the soils containing 700 
and 000 c.c. of water, the balls were not found, but here 
the soil was too moist for them to remain separated. The 
egg-cells were best seen in the jar to which 500 c.c. of 
water were added. The greatest number of eggs were 
deposited in this jar. Undoubtedly the soil in this con­
tainer more nearly approached the optimum moisture require­
ment than did that in the remainder of the aeries. Judging 
from the above experiment it seems quite possible that 
soil moisture may be an important factor in crushing gi'ubs 
to be "spotted" in a field rather than uniformly scattered 
over a large area. 
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